The problem "what is the quantum signature of a classically chaotic system" is studied for the periodically kicked top. We find that the quantum variances initially grow exponentially if the corresponding classical description is chaotic. The rate of growth is connected to the corresponding classical Jacobi matrix and, thereby, to the 
is elucidated in this paper with analysis of the periodically kicked top.
In the pendulum case, a smoothed Wigner distribution [6, 7] , the Husimi-0 Connell-Wigner distribution [8] , answers the question regarding phase space, and appropriately constructed classical Gaussian ensembles manifest a quantitatively close correspondence [4] . Both the quantum variances and the classical variances initially grow exponentially if the initial distributions are suSciently sharply peaked and the classical dynamics is chaotic [4] . The rate of growth is the same for both until saturation of the available, bounded phase space is reached. Near and after saturation, quantum interferences are seen in the evolving quantum variances but are absent from the corresponding evolving classical variances.
The exponential rate of growth of the variances depends on where in phase space the evolving distributions are initiated. The local, transient rate of expansion determines the variance growth rate for both the classical and quantum treatments [4] . For the pendulum case, this local rate of expansion, which is determined by the time evolving Jacobi matrix, is not a uniform property of the dynamics, but for the Arnold cat map it is [5] . Consequently, for the cat map, a quantum measurement of the variance growth rate determines the largest classical Lyapunov exponent with great accuracy. These studies have made clear that quantum-classical correspondence exists between quantum wave packets and classical ensembles. Classical chaos creates exponential growth of the variances for both [9] . Even in the purely classical setting, the correspondence between the behavior of individual trajectories and the statistical properties of the entire ensemble breaks down rapidly for chaotic dynamics. Nevertheless, the ensemble correspondence with the quantum wave packet persists well beyond this breakdown.
Two reasons contribute to failure to make these observations in numerical studies The first involves using too large a value for Planck's constant [10] , or the equivalent of this, so that the initial distributions are not sufficiently sharply peaked. The second involves not constructing the correct classical ensemble correspondent for a particular quantum wave packet [11] .
In our numerical studies, we have avoided the first reason by picking a sufficiently small value for Planck's constant, or an equivalent to this, and we have learned how to use appropriately smoothed wave packets in order to obtain nicely behaved classical ensemble correspondents.
In Sec. II of this paper, we present the dynamical description of the periodically kicked top. We discuss the important results from the SU(2) algebra [12] and show how to derive the corresponding classical dynamics. Generalized coherent states [2, 10 -12] In Sec. IV, concluding remarks are made.
II. THE KICKED TOP
The kicked top is described by the Hamiltonian [11] in which c, -k is the completely antisymmetric Levi-Civita symbol. The corresponding Floquet operator for just after a kick to just after the next kick is J(t+1)=F J(t)F . (12) Using Eqs. (2) and (3), we implement this evolution in two steps [11] .The first step is J2
Alternatively, the Hamiltonian may be given by [10] H = AS, yBS-"Q 5(t 2-mn), where (3)
[S;, S ]=i%a; kS". (5) in which the J components on the right-hand side are for time t. In the second step, we need
The corresponding Floquet operator for just after a kick to just after the next kick is given by
or for just before a kick to just before the next kick by P These expressions are most easily reduced using the following angular momentum algebra identities:
Jz=J J+J-+Jzw here (17) In in which the Y (O', P')'s are the normalized spherical harmonics and %(8,$;O', P') is the Schrodinger state labeled by (8,$) with variables (O', P'). The squared modulus of this Schrodinger state is a probability distribution in (O', P') labeled by (8,$}. It may be used to describe the classical ensemble. However, this probability distribution is a double m sum that does not simplify and does not lead to an easily tractable j~0 0 limit.
An alternative approach is suggested by the smoothed Wigner distribution used in the treatment of the kicked pendulum [4, 6] . The Husimi-0 Connell-Wigner distribution [8) is the result of Gaussian smoothing. In a fundamental paper [7] , Chang [7] Therefore, the probability distribution associated with a& is Gaussian in both q' and p', is centered at [14] f da )-a&&a(=I . 
In this expression, we have divided the published expression. [7] by n so that Eq. (40) 
By means of trigonometric identities, this leads to
where cos(y ) =cos(8')cos(8)+cos(P -P')sin(8')sin (8) =n' n, [12] f an'!e', y'&&e, y!, =I, [2, 10, 11] .The presence of sin (8) in the distribution enables us to examine any value of the label 8, and not just the value m/2 examined previously [10] . Moreover, the use of a genuine Gaussian distribution is found to be quantitatively superior to the uniform disk distributions [10, 11] used in the earlier work. These facts are exhibited in Sec. III.
There is one additional subtlety to be noted. From Eqs. (32) and (33), it is clear that the classical variables are f an'D (e,y', e, y)=1.
(50) Therefore, the classical distribution P(8', P') is given by J"= j sin(8')cos(p'), J» = j sin(8')sin(p'), J, = j cos (8') . the left-hand side of Eq. (57) equals 1/j, and shows a lack of correspondence from the start, while Fig. 6 shows better correspondence, because the left-hand side of Eq.
(57) equal to 1/j is imposed on the disk size, with small differences arising at kick 4. Figure 7 shows that our Gaussian distribution continues to work extremely well for this case too. Figure 8 shows that a uniform circular disk with the left-hand side of Eq. (57) equal to 1/j imposed works less well, and Fig. 9 shows that a uniform elliptical disk is much better than Fig. 8 , but still not as good as Fig. 7 . Figure 10 shows what happens if you use our Gaussian distribution but leave out the sin (8) factor.
In this example, we have also taken P = m /4 and k =1.865. There is an interesting anomaly at the third Fig. 13 [4] . To do this for the classical ensemble requires no special numerical techniques, but to do it for the quantum wave packet is prohibitive for large j. Already for j of the order of 10, the computation of the Jacobi polynomials overwhelms our computer. Since we know [9] both the quantum and classical behaviors are initially the same, we can perform a classical calculation for large j to represent the quantumclassical correspondence. In Fig. 11 we show the results for the parameters used in Fig. 1 
IV. CONCLUDING REMARKS
The results presented in this paper for the kicked top extend our earlier work on chaos and quantum-classical correspondence [4, 5, 9] [17 -20] . Consequently, we approached the chaos and quantumclassical correspondence problem from a general perspective rather than from the behavior of some particular model system, such as the kicked pendulum, the cat map, or the kicked top. This explains why we have been able to obtain results for these particular models that had not been seen previously.
Smoothing of the Wigner distribution creates the
Husimi-OConnell-Wigner distribution which is a true probability distribution.
For the kicked pendulum, we used harmonic oscillator coherent states [4] , as was suggested by earlier work by Chang and Shi [7] . In 
